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menaquinone. Deletion mutants have reduced oxygen consumption
rates and electron transport efﬁciency, although membrane integrity,
cellular ATP levels and rates of ATP synthesis are unaltered as are
bacterial growth rates. However, in vitro infection studies using J774A.1
cells and theM. tuberculosis Rv0561c deletionmutant demonstrated that
the mutant is unable to survive in macrophage-like cells. Thus, Rv0561c
represents a novel, contextually essential enzyme that is a potential
drug target inM. tuberculosis. Funded by NIH/NIAID grant # AI049151.
doi:10.1016/j.bbabio.2014.05.034
S12.L4
Structure of the trypanosomal alternative oxidase: Opportunities
for rational drug design to treat trypanosomiasis
Anthony L. Moorea, Luke Younga, Benjamin Maya, Tomoo Shibab,
Daniel Ken Inaokac, Shigeharu Haradab, Kiyoshi Kitac
aBiochemistry and Molecular Sciences, School of Life Sciences, University
of Sussex, Falmer, Brighton BN1 9QG, United Kingdom
bDepartment of Applied Biology, Graduate School of Science and Technology,
Kyoto Institute of Technology, Kyoto 606-8585, Japan
cDepartment of Biomedical Chemistry, Graduate School of Medicine,
The University of Tokyo, Tokyo 113-0033, Japan
E-mail address: a.l.moore@sussex.ac.uk
In addition to haem copper oxidases, all higher plants, some algae,
yeasts, molds, metazoans, and pathogenic microorganisms such as
Trypanosoma brucei contain an additional terminal oxidase, the
cyanide-insensitive alternative oxidase (AOX). AOX is a diiron carbox-
ylate protein that catalyzes the four-electron reduction of dioxygen to
water by ubiquinol. In T. brucei, a parasite that causes human African
sleeping sickness, AOX plays a critical role in the survival of the parasite
in its bloodstream form. Because AOX is absent from mammals, this
protein represents a unique and promising therapeutic target. This talk
will discuss recent crystal structures of the trypanosomal alternative
oxidase obtained in the absence and presence of speciﬁc inhibitors. All
structures reveal that the oxidase is a homodimer with the non-haem
diiron carboxylate active site buried within a four-helix bundle. CAVER
protein analysis reveals that there are two hydrophobic cavities per
monomer. One cavity, which is perpendicular to themembrane surface,
binds both inhibitors and substratewithin 4 Å of the active sitewhereas
the second cavity, which is parallel to the membrane surface and also
links with the active-site, acts as an oxygen/H2O channel. We suggest
that detailed knowledge of the nature of the inhibitor/substrate cavity
will lead to a greater rational design of anti-trypanosomal drugs.
doi:10.1016/j.bbabio.2014.05.035
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Most studies on cancer metabolism have been carried out in cells
cultured with high glucose (25 mM; hyperglycemia). However, the
glucose concentrations range from 5 mM in well blood-irrigated
areas to 0.25–2.5 mM in areas within solid tumors that are away
from blood vessels. These low glucose levels may induce changes in
the cancer cell behavior. Indeed, it is well documented that culturing
with low glucose promotes substantial variations in the mRNA levels
of a multitude of genes. However, no evidences have been so far
provided about the impact that such transcriptional remodeling
has on the protein contents and activities of enzymes/transporters
and, perhaps more importantly, whether these changes signiﬁcantly
modify pathway ﬂuxes and cellular functions.
In the present study, it was analyzed that the effect of hypoglycemia
on the contents of glycolytic and mitochondrial proteins, activities of
enzymes/transporters and ﬂuxes of glycolysis and oxidative phosphor-
ylation (OxPhos) in HeLa andMCF-7 tumor cells. One day hypoglycemia
(2.5 mM initial glucose) induced increased protein levels of glucose
transporters (GLUT) 1 and 3 (2–3 fold) and hexokinase I (HK; 2.3-fold),
compared to hyperglycemia. Remarkably, these increases were not
accompanied by increases in the total cellular activities (i.e. Vmax) of
GLUT and HK; instead, increased afﬁnity of these activities for glucose
surged, which may explain the 2-fold increased glycolytic ﬂux under
hypoglycemia. Therefore, a change towards greater catalytically ef-
ﬁcient isoforms of two of the main controlling steps sufﬁced to induce
increased glycolytic ﬂux.
Hypoglycemia also induced a decrease in the pyruvate dehydroge-
nase content and increase in the respiratory complex I, with no variation
in those of isocitrate dehydrogenase and 2-oxoglutarate dehydrogenase.
The activities ofmalate dehydrogenase, fumarase and citrate synthase, as
well as the OxPhos ﬂux (i.e., rate of O2 consumption sensitive to
oligomycin) and the electrical membrane potential, were not modiﬁed
by hypoglycemia. Hence, the contribution to the ATP supply by glycolysis
increased from 27–35% under hyperglycemia to 44–70% under hypogly-
cemia, depending on the cancer cell type, and noting that OxPhos
contribution was still signiﬁcant. Therefore, the results indicated that, to
effectively diminish the accelerated cancer cell growth, the two energy
metabolism pathways should be targeted simultaneously.
doi:10.1016/j.bbabio.2014.05.036
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Flavohemoglobins (ﬂavoHbs) play a key role in bacterial resistance
to nitrosative stress and NO signaling modulation. Typically, ﬂavoHbs
contains three domains: an N-terminal globin domain which harbors
a single heme type b and a C-terminal ferredoxin reductase-like FAD-
and NAD-binding module. In this presentation, we cloned, expressed
and characterized the ﬂavoHb from the opportunistic pathogen,
Staphylococcus aureus. The high amino acid sequence homology with
Saccharomyces cerevisaewas used to build a model structure by homol-
ogymodeling showing structural similaritieswith those of other known
ﬂavoHbs. Interestingly this high sequence homology did not correlate
with the enzymatic and kinetic properties which are much similar to
those of Escherichia coli. In vitro and aerobically, the enzyme accepts
cytochrome c and oxygen as substrate. Based on this feature, we
showed that in Staphylococcus aureus and Ralstonia eutropha ﬂavoHbs
the preferences for cytochrome c and dioxygen depending on the
presence of NO dioxygenase inhibitors are different and this is deter-
mined by the inhibitor chemical composition. To make progress in
understanding the catalyticmechanism of ﬂavoHbswe investigated the
enzyme properties, the effect of azole antibiotics and the structure-
function relationship in comparison to the well-known ﬂavoHbs from
the non-pathogenic bacteria. The mutation of key residues situated in
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the ﬂexible region of the protein appeared to modify drastically the
enzymatic properties suggesting that peculiar residue might play a
crucial role in regulation of the enzyme activity.
doi:10.1016/j.bbabio.2014.05.037
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In Saccharomyces cerevisiae is a Crabtree-positive yeast. The “Crabtree
effect” [1] is a decreasedmitochondrial metabolism by adding glucose to
the culture medium and is due to various metabolic conditions such as
competition between glycolysis and oxidative phosphorylation for ADP
and Pi [2]. Moreover glucose-6-phosphate (G6P) and fructose-1,6-
bisphosphate (F1,6BP) appears to be important for the induction of this
effect. G6P activatesmitochondrial complex III, while F1, 6BP inhibits the
activity of complexes III and IV [3]. In an effort to understand the
mechanism underlying the Crabtree effect, F1,6BP and G6P were tested
in isolated mitochondria for their effects on the S. cerevisiae mitochon-
drial unspeciﬁc channel (ScMUC). G6P promoted partial opening of the
mitochondrial ScMUC. In contrast, fructose 1,6-bisphosphate (F1,6BP)
closed ScMUC, increasing coupling and thus inhibiting the rate of oxygen
consumption.When added together, F1,6P reverted themild G6P effects.
F1,6BP is proposed as an important modulator of the ScMUC that upon
closing triggers the “Crabtree effect”. [1] H.G. Crabtree, Observations on
the carbohydratemetabolism of tumours, Biochem J 23 (1929) 536–545.
[2] D.H. Koobs, Phosphate mediation of the Crabtree and Pasteur effects,
Science 178 (1972) 127–133. [3] R. Diaz-Ruiz, N. Averet, D. Araiza, B.
Pinson, S. Uribe-Carvajal, A. Devin, M. Rigoulet, Mitochondrial oxidative
phosphorylation is regulated by fructose 1,6-bisphosphate. A possible
role in Crabtree effect induction?, J Biol Chem283 (2008) 26948−26955.
doi:10.1016/j.bbabio.2014.05.038
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In this study have been used saponin-treated post-operational
tissue samples of colorectal cancer (CRC) in order to estimate
alteration ﬂux of main phosphor transfer systems creatine kinase
(CK) and adenylate kinase (AK) in cancer formation. Coupling
between OXPHOS and CK or AK was estimated by high resolution
respirometry. Both, colon tissue and CRC are expressed mitochon-
drial and cytosolic isoforms of CK and AK. Mitochondrial respiration
was activated with creatine (10 mM) in the presence of pyruvate
kinase-phosphoenolpyruvate ADP trapping system which indicated
functional coupling between OXPHOS and mitochondrial CK in colon
cells. But, such functional coupling was absent in tumor cells. This
shows that mitochondrial CK may be downregulated or alternative
function in cancer compare with normal cells. Adenylate kinase
phosphor transfer system main function is maintaining ATP/ADP
ration in cells under stress condition. In addition, several studies
were shown that AK system can compensate ATP turnover in cells
where CK system was downregulated. In this study was shown that
in CRC had two fold lower activity of CK than colon cells which
indicated that in cancer CK expression was decreased. But, at the
same time experiments suggested that in cancer cells AK activity was
40% higher than control tissue. Furthermore, in colon cells and CRC
cells mitochondrial respiration was activated with AMP (2 mM)
which indicated AK functional coupled with OXPHOS in both tissues.
In addition, the AK coupling was calculated and as a result in cancer
was observed 40% increase coupling compared with normal control
tissue. These results are accordance with AK activity. In conclusion,
both colon and CRC cells express the mitochondrial and cytosolic
isoforms of CK and AK but during cancer formation phospho transfer
enzymes gene proﬁle as well as those enzymes functional coupling
with OXPHOS are changed. Further work is needed to research in
detail AK system function in cancer.
doi:10.1016/j.bbabio.2014.05.039
S12.P3
Active oxidation of several NADH-linked substrates and high
oxidative phosphorylation protein contents indicate fully functional
mitochondrial metabolism in AS-30D and HeLa cancer cells
Sara Rodriguez Enriqueza, Luz Hernández-Esquivelb,
Alvaro Marin Hernandezc, Jose Luis AGuilar Ponced,
Abelardo Meneses Garcíad, Juan Carlos Gallardo Pérezb
aInstituto Nacional Cardiologia, Mexico
b525 55 55 73 29 11
cInstituto Nacional de Cardiologia, Mexico
d525 55 56280416
E-mail address: saren960104@hotmail.com
Oxidative phoshorylation (OxPhos) protein contents, enzyme activ-
ities, NAD-linked substrate oxidation and electrical potential (ΔΨm)
were evaluated in mitochondria isolated from rat AS-30D hepatoma and
liver (RLM). High protein contents (2–4 times) as well as enzyme
activities (1.7–13-times) of Krebs cycle (ICD, 2OGDH, PDH, ME, GA),
respiratory chain (COX) and β-oxidation (CPT1 and acyl-CoA dehydro-
genase) were determined in hepatoma, whereas others were similar
(SDH, ATP synthase and ANT) or signiﬁcantly lower (GDH), vs. RLM.
Hepatomamitochondria oxidized several NAD-linked substrates at rates
1.6–6.6 times faster than RLM, without apparent change in the
mitochondrial electrochemical potential, although increased cholesterol
content (9.3-times vs. RLM) was determined in the hepatoma inner and
outer mitochondrial membranes. The contents of mitochondrial en-
zymes were also assessed in in situ mitochondria (i.e., in rat AS-30D, rat
hepatocytes and human HeLa cells). The contents of mitochondrial
enzymes in human and rat tumor cells were higher than those observed
in isolated rat hepatocytes. The acyl-CoA dehydrogenase increased
content (1.5 times higher) in both tumor mitochondria and cells
compared with their normal counterparts correlated with an active
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